Objective: The appearance of resistant bacteria reduces the efficiency of antimicrobial therapies, thereby increasing the need for more efficient drugs for infections treatment. Many studies have shown an enhance in antimicrobial activity after the interaction of many agents with metal ions. Complexes of the metal ions with ligands which are polydentate have been the theme of demanding research as they have interesting spectral, magnetic properties and a miscellaneous spectrum of biological activities.
Introduction
Management of infectious diseases remains significant and challenging crisis due to several factors as increasing multi-drug resistant microbial pathogens and emerging infectious diseases. Despite of several chemotherapeutics and antibiotics available for clinical use, still there are requirements for developing new antimicrobial agents. There is also an urgent requirements for novel compounds have antimicrobial activity, probably through new mechanism of actions, which is different from those of recognized classes of antimicrobial medicines to which numerous pathogens are resistant to. Metal ions play a fundamental role in many biological processes such as: catalytic activity of metalloenzymes; regulation of nucleic acids replication and hemoglobin that contains iron-porphyrin complexes.
Its function as oxygen carrier which is being connected to the capability of the iron atoms to manage molecules of oxygen reversibly [1] . Imine (also known as Schiff base) compounds participate a function in inorganic chemistry as they can simply form stable complexes with the majority of transition metal ions [2;3] . These are described by existence of azomethine group (-N=CHR) which was formed by condensation of carbonyl compound and primary amine (aldehydes or ketones) [4] . Due to existence of lone pair of electrons at the nitrogen atom, the electron donating nature of unsaturated double bond and low electronegativity of nitrogen of azomethine group (>C=N) proceeds as a excellent donor and Schiff base constituting active ligands. The bonding capability of the ligands depends on the character of atoms that act at site of the coordination, their steric and electronegativity factors. The structure of chelates offers additional stability to the complexes particularly when the ring is five or six membered.
Consequently, presence of functional group with replaceable hydrogen atom next to > C=N will be an extra factor for affording stability. To prevent them from rapidly decomposing or polymerizing, aryl group ought to be bonded Isonicotinic acid hydrazide (INH) is first-line medication used to treat Mycobacterium tuberculosis and as prophylactic for human immunodeficiency virus patients who are at threat to be infected with tuberculosis [25;26] .
Isonicotinic acid hydrazide can form metal chelates with numerous divalent ions [27] . Fungicide and bactericide characteristics of different mixed ligand complexes of metal ions with hydrazone and isoniazid derivatives were attained and characterized [28] [29] [30] .
Improvement of chemical process to decrease environmental contamination arises as urgent mission for chemical researchers [31] . Microwave assisted organic and inorganic chemical synthesis start to be a new and rapid developing area in the synthetic organic chemistry field. This new technique is depended on the experimental study that some organic reactions progress very quickly with superior products yields using microwave irradiation when compared to the classical heating procedures. In a number of circumstances, reactions that generally consume several hours at reflux temperature under traditional conditions can be finished within few minutes or even some times seconds by using microwave chemical synthesis [32] [33] [34] . Thus, the aim of this study was to search for novel anti-microbiotics, effective in treatment of infections caused by multi-resistant bacteria. We synthesized isoniazid based compounds and their transition metal complexes (cobalt, copper, nickel and zinc) using microwave assisted chemical synthesis and explored the antimicrobial activity of both the complex and the free ligand.
Methods

Chemistry
All the chemicals and solvents used in the synthesis of Schiff base and their complexes of highest purity and they were purchased from Sigma Aldrich (UK) and Fluka (UK) and used without any further purification.
Instruments
Synthesis of compounds (ligand and metal complexes) was performed in a microwave closed system (Milestone start E 2450 MHz, Italy). For thin layer chromatographic (TLC) analysis pre-coated aluminum plates (silica gel 60778, Fluka analytical, UK) were used. TLC spots were detected with both short wave (254 nm) and long wave (366 nm) UV light. Melting points were determined in open capillary tubes using a melting point apparatus (Electrothermal SMP30, Stuart, UK). The Infra-red spectra of the synthesized compounds were recorded in the region of 4,000-400 cm Scheme 1: Synthesis of complexes of N-isonicotinamido-2-hydroxy-5-methoxy-benzalaldimine (ligand)
General procedure for synthesis of metal complexes
Metal complexes were prepared by weighing and triturating equimolar amounts of Schiff base ligand and metal chloride or acetate metal salts using clean and dry Teflon vessels. The reaction mixture was subjected to microwave irradiation at 600 -800 Watt power for about 3 -5 minutes using 0.5 ml of dry ethanol as a solvent after milling.
The optimum reaction time was determined based on the reaction completion using TLC and the appropriate solvent system. The crude product achieved after filtration under vacuum was washed several times with hot ethanol and finally dried and their melting points were determined. 
Biology
Evaluation of antimicrobial activities
The ) for twenty four hours [35] . Wells were dug in the culture plates by using a sterilized cork borer (7 mm diameter). The synthesized compounds were dissolved in dimethyl sulfoxide (0.2 ml) and then added to the wells aseptically. The petri dishes were left at 4° C for two hours and then the plates were incubated at 30° C for bacteria (18-24 hours) and at 25° C for fungi (72 hours). At the end of the incubation period the inhibition zones produced on the medium were assessed as millimeters (mm).
The control samples were only loaded with only DMSO. Blank tests showed that the concentration of DMSO used has not any affect and the antimicrobial activity obtained will be correlated to the synthesized compounds.
Tetracycline and Amphotericin B as antimicrobial agents were used as references.
Results
Chemistry part
Physical properties
Some physical properties of the ligand and their complexes are shown in Table 1 .
*Melting points more than 300 0 C 
IR spectra
The main stretching frequencies of the IR spectra of the ligand and its complexes are shown in Table 2 Table 2: IR stretching frequencies of various functional groups of ligands and its metal complexes *The peak in the Ligand spectra at 3380 cm -1 due to the deformation of OH group and disappeared in the complexes.
This indicates deprotonation of phenolic OH, on coordination with metal ion.
Electronic spectral analysis
The electronic spectra of the free ligand showed two strong absorption bands in the Ultraviolet-Visible region (294-361 nm), allocated to the transitions π→π* and n →π *. These transitions are found only in the spectra of the complexes. But they are shifted and strongly displaced in all complexes, verifying coordination of metal ions to the ligand. The spectra of the complexes also showed new bands that were attributed to the formed ligand complexes (Table 3) .
Ligand ⁄complexes Frequencies nm⁄cm -1
Assigning Geometry Table 3 : Electronic spectral data and geometries for the ligand and their complexes
Elemental analysis, X-ray fluorescence analysis and atomic absorption spectroscopy.
Elemental analysis of the free ligand and its metal complexes along with X-ray fluorescence analysis and atomic absorption spectroscopy are listed in Table 4 . 
Mass spectra
The most important peaks in the EI mass spectral data of all complexes with ligand are listed in Table 5 . 
R.I (%)
Thermal analysis (TGA and DTG)
Thermogravimetric analysis of the ligand and its complexes were used to obtain information about the thermal stability of these new complexes. In addition, to make a decision whether the water molecules (if it is available) are outside or inside the inner sphere coordination of the central metal ion. The results of the thermal analysis of the ligand and its metal complexes are given in Table 6 . Table 6 : Thermal analysis of the ligand and its metal complexes
Biology part
Evaluation of antimicrobial activity
The antimicrobial activity studies of the ligand and its metal complexes were performed by using different fungi and bacteria and the results of the inhibition are summarized in Table 7 . 
IR spectra
In general, the entire synthesized amides demonstrate two absorption bands: one is the the carbonyl absorption band near 1640 cm −1 which is known as amide-I band and two is the strong band in the 1500 -1600 cm −1 region which is known as amide-II band. The origin of these two bands can be seen in hydrazones, in which the carbonyl absorption accountable for the amide-I band, which is probable to be lowered [36;37] occasionally by the NH group as in standard amides. The amide-I band in isoniazide derivative, however, can be seen at 1700 and 1655 cm −1 [38] . In the entire hydrazones, the absorptions such as 1540, 1520 cm −1 have been allocated to absorption of amide-II. The NH stretching absorption in free ligands occurs at ∼3300 and 3220 cm −1 as described in the literature [39] . The other significant band occurs at ∼1585-1600 cm 
Electronic spectral analysis
The electronic spectrum of the zinc (II) complex shows a broad absorption band at 444 nm which may be assigned to a charge transfer transition, due to the coordination of the ligand with metal ion [44] . The electronic spectrum of the cobalt (II) complex is expected to show three absorption bands due to the electronic transitions, namely 
Elemental analysis, X-ray fluorescence analysis and atomic absorption spectroscopy
Elemental analysis of the free ligand and the complexes of the metal in addition to the atomic absorption spectroscopy and the X-ray fluorescence analysis and demonstrated in the results section (Table 4) and are in a good conformity with the expected values.
Mass spectra
The mass spectrum of ligand showed the molecular ion peak at m/z = 271 that corresponds to its molecular formula 
Evaluation of antimicrobial activity
Microorganisms require the presence of a number of metals that play essential biochemical roles as catalysts, enzyme cofactors, activity in redox processes and stabilizing protein structures [49] [50] [51] . Metals might build up exceeding normal physiological concentrations and effecting the transport systems, and might become toxic. The intracellular metals could cause toxic effects through forming coordinate bonds with some anions and this could block the efficient groups of enzymes. This formed coordinate bonds with the enzymes will be inhibiting the transport systems and disturbing cellular membrane integrity [52;53] .
It has been reported that, there are 5 fundamental mechanisms that suggest an increased level of cellular resistance to metals: (1) intra-or extracellular sequestration (2) efflux of the toxic metal from the cell, (3) enzymatic conversion, bacteria and fungi, i.e. chelation may improve or restrain the biochemical prospective of bioactive organic species [57] . Such generation or improvement in activity of the metal complexes can be explained based on Overtone's concept and chelation theory. Per Overtone's notion of cell permeability, the lipid membrane that envelops the cell helps the passage of lipid soluble substances owing to their liposolubility which is a vital factor that manages antimicrobial activity [58] . On chelation, the polarity of the metal ion is abridged due to the overlap of the ligand orbital and fractional sharing of the (+) charge of the metal ion with donor groups. Additionally, it enhances the delocalization of pi-electrons over the entire chelate ring and enhances the lipophilicity of the complex. This increased lipophilicity in turn enhances and this could help the penetration of the complexes into lipid membranes and ultimately blocks metal active binding sites on the enzymes of the microorganisms [59;60] . Moreover, coordination might escort to considerable reduction of drug -resistance [61] . In addition another factors, like conductivity, dipole moment and solubility effected by the existence of metal ions and might enhance the bactericidal activity of the metal complexes in comparison to the uncomplexed compounds [62] . Low activity of the some metal complexes, as shown in this study, may be related to their low lipophilicity which reduces penetration of the complex through the lipid membrane and therefore these complexes cannot achieve their target to block or inhibit the growth of microorganisms [63;64] .
In conclusion, we synthesized and characterized four new complexes of n-isonicotinamido-2-hydroxy-5-methoxy 
